Background-There is clear evidence from numerous randomized trials and their meta-analyses that aspirin reduces risks of first myocardial infarction (MI). Recent data also suggest that other nonsteroidal anti-inflammatory drugs (NSAIDs) may interfere with this benefit of aspirin. Methods and Results-We performed subgroup analysis from a 5-year randomized, double-blind, placebo-controlled trial of 325 mg aspirin on alternate days among 22 071 apparently healthy US male physicians with prospective observational data on use of NSAIDs. A total of 378 MIs were confirmed, 139 in the aspirin group and 239 in the placebo group. Aspirin conferred a statistical extreme (PϽ0.00001) 44% reduction in risk of first MI. Among participants randomized to aspirin, use of NSAIDs on 1 to 59 d/y was not associated with MI (multivariable adjusted relative risk [RR], 1.21; 95% confidence interval [CI], 0.78 to 1.87), whereas the use of NSAIDs on Ն60 d/y was associated with MI (RR, 2.86; 95% CI, 1.25 to 6.56) compared with no use of NSAIDs. In the placebo group, the RRs for MI across the same categories of NSAID use were 1.14 (95% CI, 0.81 to 1.60) and 0.21 (95% CI, 0.03 to 1.48). Conclusions-These data suggest that regular but not intermittent use of NSAIDs inhibits the clinical benefits of aspirin.
T he clinical benefits of aspirin in secondary prevention of cardiovascular disease and primary prevention of myocardial infarction (MI) have been shown in numerous studies. [1] [2] [3] [4] The most plausible mechanism by which aspirin prevents ischemic events is by irreversible inhibition of the isoenzyme cyclooxygenase-1 (COX-1). 5 In the United States, nonaspirin nonsteroidal anti-inflammatory drugs (NSAIDs) are commonly used 6 for their analgesic, anti-inflammatory, and antipyretic effects. These effects result primarily from inhibition of COX-2 7 and reduced prostaglandin production. Nonselective NSAIDs also inhibit COX-1. 8 Unlike aspirin, NSAIDs bind reversibly at the active site of the isoenzyme, leading to impaired platelet function for only a portion of the dosing interval. 9 Aspirin and NSAIDs share a common docking site on COX-1, 10,11 raising the potential for a competitive interaction between the two. A recent crossover study in healthy subjects 12 and an observational study of concomitant administration of aspirin and ibuprofen on cardiovascular mortality 13 in secondary prevention support this hypothesis.
In this article, we investigate whether NSAIDs inhibit the clinical benefit of aspirin on first MI among 22 071 apparently healthy male US physicians.
Methods
Study subjects were participants in the Physicians' Health Study (PHS), a completed randomized trial of aspirin and ␤-carotene in the primary prevention of cardiovascular disease and cancer. The methods and results of the PHS have been described in detail previously. 1, 14 In brief, 22 071 apparently healthy male physicians, 40 to 84 years old at entry, without a previous history of cardiovascular disease, cancer, or other major illnesses were randomized to either aspirin (325 mg every other day as Bufferin, supplied by Bristol-Myers Products), ␤-carotene (50 mg every other day as Lurotin, supplied by BASF AG), both active agents, or both placebos.
Baseline information was collected by mailed questionnaires that asked about many demographic, medical history, and lifestyle variables. Follow-up questionnaires were sent to participants at 6, 12, 24, 36, 48, and 60 months after randomization asking about newly diagnosed medical conditions, including MI, study compliance, medication use, and health behaviors during the study period.
This study includes randomized data on aspirin from the beginning of the trial in 1982 to January 25, 1988 , the date the blinded aspirin component was terminated early, primarily because of the emergence of a statistically extreme (PϽ0.00001) 44% reduction in risk of first MI. 1 At that time, participants had been followed for an average of 60.2 months; 99.7% were still providing information on morbidity, and mortality follow-up was 100% complete.
Information on Aspirin and NSAID Use
We classified participants into aspirin (325 mg every other day) and placebo users according to the original randomized aspirin treatment assignment. Compliance with randomized treatment was identical for the aspirin and placebo groups. 15 Observational data on NSAIDs were collected on baseline and follow-up questionnaires. Participants were asked, "On how many of the past 30 days did you take nonsteroidal anti-inflammatory agents other than aspirin?" From this information, we calculated the number of days per year on which nonaspirin NSAIDs were ingested. We categorized participants who reported use of NSAIDs into 3 groups: no use, intermittent use (1 to 59 d/y), and regular use (Ն60 d/y) for each follow-up questionnaire. To reduce confounding by indication, information about NSAID use was obtained before MI occurrence. In a sensitivity analysis, we also evaluated NSAID intake categories of none, 1 to 29, and Ն30 d/y. If information on NSAID use on a follow-up questionnaire was missing, we used the most recent information.
Documentation of MI
We included only first nonfatal or fatal MI, defined according to the criteria of the World Health Organization. 16 When a participant or next of kin reported an MI, written consent for the review of his medical record was obtained. Self-reported MI was confirmed only after review of the appropriate medical record by an end-points committee blinded to aspirin treatment assignment and unaware of the NSAID hypothesis.
Statistical Analysis
We used the general linear models procedure (SAS version 8.2, SAS Institute) to compare continuous measurements adjusted for age. We compared categorical variables adjusted for age using direct standardization. We used time-varying Cox proportional hazards models 17 to analyze the association between aspirin, placebo, and NSAID use and MI. Person-time was calculated from the return of the baseline questionnaire until the date of the MI, date of death, or the study's end, whichever occurred first. We ran separate models in the aspirin and placebo groups. In addition, we evaluated the effect of aspirin, placebo, and NSAIDs in the entire PHS cohort using indicator variables for use of aspirin or placebo according to NSAID categories. We calculated age-and multivariable-adjusted hazard ratios as a measure for the relative risk (RR) and the corresponding 95% confidence intervals (CIs).
We built 2 multivariable regression models. The first controlled for variables considered to be potential confounders of the association between NSAID use and MI. This model controlled for age (in 5-year increments), history of arthritis at baseline, exercise (Ͻ1 time/mo, 1 time/mo to 4 times/wk, Ն5 times/wk), body mass index (continuous), history of smoking (never, past, current), and randomized ␤-carotene assignment. The second multivariable model also controlled for other major risk factors for MI, including baseline information on history of hypertension (defined as self-reported systolic blood pressure Ն140 mm Hg, diastolic blood pressure Ն90 mm Hg, or antihypertensive medication regardless of blood pressure), history of diabetes, and parental history of MI before age 60 years.
To evaluate whether NSAID use inhibited the clinical benefit of aspirin on first MI, we compared the likelihood of the regression model containing only the main effects of aspirin and NSAIDs with the likelihood of the regression model that also included the interaction of aspirin and NSAIDs using the likelihood-ratio test.
Results
During a mean follow-up of 5 years, a total of 378 MIs were confirmed: 139 in the aspirin group and 239 in the placebo group (RR, 0.56; 95% CI, 0.45 to 0.70). 1 The age-adjusted baseline characteristics with respect to NSAID use categories are summarized in Table 1 . Participants who used NSAIDs on Ն60 d/y in any of the follow-up years had greater body mass index; reported more history of arthritis, diabetes, and hypertension; and were more likely to be current smokers. Participants in the intermittent-use group tended to be younger. Table 2 presents the number of participants according to aspirin and NSAID use and the number of MIs in each exposure group and follow-up period. Relatively few MIs were confirmed in the intermittent and regular NSAID-use categories. Among participants randomized to placebo who took NSAIDs on Ն60 d/y, only 1 MI occurred. For 13 MIs, information on NSAID use was not available in the follow-up year before the events occurred. Using the most recent NSAID information for the preceding year, 7 of these MIs occurred in the placebo-only group, 1 occurred in the placebo and intermittent NSAID use group, and 4 occurred in the aspirin-only group. For 1 MI event, no NSAID information was available. In the last interval set, a total of 8 MIs occurred before the aspirin arm of the PHS was stopped.
The results of the age-and multivariable-adjusted models that adjusted for potential confounders of the association between aspirin and NSAID intake and MI as well as other risk factors for MI are summarized in Table 3 . Intermittent use of NSAIDs (1 to 59 d/y) was not associated with an increased risk of MI in either the aspirin or placebo group. The combined use of aspirin and other NSAIDs on Ն60 d/y was significantly associated with MI, whereas the use of placebo and other NSAIDs on Ն60 d/y was not. Among participants randomized to aspirin, the multivariable-adjusted RRs of MI were 1.21 (95% CI, 0.78 to 1.87) for NSAID use on 1 to 59 d/y and 2.86 (95% CI, 1.25 to 6.56) for NSAID use on Ն60 d/y compared with no NSAID use. Among participants randomized to placebo, the RRs of MI were 1.14 (95% CI, 0.81 to 1.60) for NSAID use on 1 to 59 d/y and 0.21 (0.03 to 1.48) for NSAID use on Ն60 d/y compared with never use. Additional adjustment for risk factors for MI did not attenuate the RR associated with aspirin and regular NSAID use (model 2).
When we used a different cutoff for NSAID use (none, 1 to 29, and Ն30 d/y), similar trends were observed. Among participants randomized to aspirin and placebo, use of NSAIDs on 1 to 29 d/y was not associated with increased risk of MI. Compared with never use of NSAIDs, the multivariable-adjusted RRs were 1.20 (95% CI, 0.76 to 1.89) in the aspirin group and 1.15 (95% CI, 0.81 to 1.63) for the placebo group. Different risks associated with use of NSAIDs for 30 days or more, however, were observed in the aspirin group (RR, 2.20; 95% CI, 1.06 to 4.54) and the placebo groups (RR, 0.52; 95% CI, 0.19 to 1.41) compared with never use.
We created indicator variables for each of the possible aspirin, placebo, and NSAID category combinations and calculated the RRs of MI (Table 4 ). Compared with the use of placebo alone, the use of aspirin alone and the use of aspirin plus an intermittent concomitant level of NSAID use (between 1 and 59 d/y) were associated with a reduced risk of MI. In contrast, no protective effect of aspirin was apparent among participants who used NSAIDs Ն60 d/y.
The likelihood ratio test contrasting the age-adjusted main effects of aspirin and NSAIDs with a model that included also the interaction between aspirin and NSAID use yielded a 2 value of 8.39 (2 degrees of freedom [df], Pϭ0.015). The same contrast in multivariable model 1 yielded a 2 value of 8.68 (2 df, Pϭ0.013), and for multivariable model 2, a 2 value of 8.84 (3 df, Pϭ0.012).
In a sensitivity analysis, we included 7 additional confirmed MI cases that occurred before the randomized aspirin arm was terminated but that were not confirmed by the end-points committee before the data set was closed for the final report of the aspirin arm. 1 Six of these cases occurred in the aspirin arm and 1 in the placebo arm. The results were quite similar to the primary analysis. Among participants randomized to aspirin, the multivariable-adjusted RRs of MI 
Discussion
In subgroup analyses of data from a large randomized trial, we found a Ͼ2-fold increased risk of MI among participants randomized to aspirin who also took other NSAIDs on Ն60 d/y. Participants randomized to placebo who used NSAIDs regularly had a nonsignificantly reduced risk of MI. These results are compatible with the possibility that NSAIDs inhibit the clinical benefits of aspirin on first MI. We found no association between intermittent use of NSAIDs (between 1 and 59 d/y) and subsequent development of MI among aspirin or placebo users. Aspirin reduces the incidence of first and recurrent MI 1,4 by its ability to irreversibly block COX-1. This inhibits production of thromboxane A 2 and thus increases platelet inhibition. 18 This effect lasts for the lifetime of the platelet. Nonselective NSAIDs also inhibit platelet activity of COX-1, 8 but this effect does not persist throughout the dosing interval. 9 Aspirin and NSAIDs share a common docking site on COX-1, providing the possibility of competitive interaction. Basic research findings, 19, 20 a crossover study in healthy subjects, 12 and 1 observational study 13 support this hypothesis. In the crossover study by Catella-Lawson et al, 12 concomitant administration of 400 mg ibuprofen every morning antagonized the irreversible platelet inhibition of COX-1 induced by 81 mg aspirin. This inhibition could be bypassed, such as when aspirin was given before a single dose of ibuprofen. Intake of enteric-coated ibuprofen 3 times/d inhibited the effect of aspirin on platelets, even when the aspirin was taken before the ibuprofen. No interaction was found between concomitant intake of aspirin and rofecoxib, acetaminophen, or diclofenac.
A recent observational study of secondary prevention by MacDonald and Wei 13 identified 7107 patients from Scotland who were discharged after first admission for cardiovascular diseases and followed them up for 8 years. Four discharge groups were compared: low-dose (Ͻ325 mg) aspirin alone, aspirin plus ibuprofen, aspirin plus diclofenac, and aspirin plus another NSAID. Compared with users of aspirin alone, those also using ibuprofen had a relative risk of 1.73 (95% CI, 1.05 to 2.84) for cardiovascular mortality. Combined use of aspirin and diclofenac or other NSAIDs did not increase the risk. Although the authors could control for several potential confounding factors, the nature of their data did not allow them to control for lifestyle factors such as smoking and exercise.
The strengths of our study include the large number of endpoints and participants, randomized data on aspirin use, prospectively collected data on NSAID use, and confirmation of MI by medical record review. We incorporated change of NSAID use over time in our analyses, and we could differentiate between the effects of intermittent and regular NSAID use. We performed sensitivity analyses on a different NSAID use cutoff and included MI events that occurred before the end of the study but could not be included in the final report of the aspirin arm of the PHS. 1 Both sensitivity analyses led to similar results. Furthermore, the PHS study population was relatively homogeneous, which reduces confounding by several variables, including access to medical care, educational attainment, and socioeconomic status.
Our study has several limitations. In contrast to the randomized data on aspirin, the data on NSAID use were observational. Thus, bias and confounding are plausible alternative explanations for the findings, although this is limited by the prospective method of data collection and adjustment for a large number of covariates. In addition, all post hoc subgroup findings raise the possibility of chance as a plausible alternative explanation, a concern mitigated by the mechanistic plausibility of the hypothesis of competitive interaction between aspirin and NSAIDs. We had no information on the brand and dosage of the NSAIDs used and thus can give only average effects over all NSAIDs. During the study period, however, ibuprofen was a widely used nonaspirin NSAID in the US market. 21 Because the study participants were apparently healthy at baseline, relatively few used NSAIDs regularly. In addition, few MIs occurred in the exposed groups. This is reflected by the wide range of the CIs around the relative risks. Thus, these relative risks should be interpreted with caution. Biological plausibility must also be taken into account. This is particularly true for the relative risks in the placebo and high NSAID-intake group, in which only 1 MI occurred. Although some controversy exists regarding a possible cardioprotective effect of the nonselective NSAID naproxen, [22] [23] [24] [25] an overall cardioprotective effect of NSAIDs is not expected. 9 Another limitation to the generalizability of our findings involves the nature of the cohort, which included only male US physicians, 92% of whom were Caucasian. We have no reason to believe, however, that the study population and the general population differ with respect to the mechanism by which aspirin and NSAIDs may interact. The data on all covariates were collected by self-administered questionnaires. Although physicians are likely to provide health-related information accurately, 26 random misclassification is plausible.
In summary, these randomized data on aspirin use and prospective observational subgroup data on NSAID use over a mean follow-up period of 5 years are compatible with the possibility that regular but not intermittent use of NSAIDs inhibits the clinical benefits of aspirin on first MI.
